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An investigetiosr- of the effects  of an inset  tab on the hinge-moment 
* and effectiveEess  characteristics of an unswept treilirg-edge  control on 

a 60° delta w i n g  has been mde   i n  the k . r l e y  9- by =-inch blowdown tun- 
nel z;i; Mach =umbers of 0.75 t o  1.96. Rolling-moment uld l i3t  effectiveness 

over a large range of  tzb a d  flag  Ceflectioas  for  mgles of attack up 
c of the tab-flap combination as we= as control  hinge nonents were obtained 

t o  l2O. 

The results  indicated that raZios of tab  to  flap  deflections  recpired 
f o r  zero  hinge moments due to control  deflections  ircreased i n  magnitude 
from -0.5 t o  -2 .O as  speed w e s  increesed io the  trmsonic speed  'range a d  
were =early  constmt a t  Wach numbers  above 1.25. One-hm&ed-gercent bal- 
m-ce Of the flzp hiFge nments due to  deflection was Umited io flzp  deflec- 
tions oniy slightly  greater  than IOo us ezld down because of re&uced b d -  
ancing  effectiveness or" the tab at   large  deflections.  However, at 20° 
flap  deflectiolz  the  tzb w a s  s t i l l .  czpable of balancing a t  l ea s t  50 percent 
of the f lap  hirge noaents. The rolling-noment  effectiveness of the  tzb- 
flap cmbinatlon  iieflected  for  zero  flap  hinge  nment due t o  deflection 
decreased from about 80 percect  to 50 percent of that   for   the  f lap w i t h  
the teb u-rldeflected as  the Mach  number increased from 0.75 t o  1.96. 

For the  conditions of equal  rolling  nment,  theoretical  cdxulations 
a t  susersonic sgeeds indicate  that,  with  the  flap  free on its Mnge axis,  
deflection of the tab required about 19 gercent of the hinge moaent and 
60 t o  75 percent of the deflection work required  for  deflection of 
untabbed f lep of the sane o v e r d l  dimension. 
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Azrodynaic  balacing of control hinge  mments  has becoIllc! inc.- -Fees - 
ingly  irqor-cmt as the speed of a i r c ra f t  and Rissilen has increased,  both 
t o  rcducc the  pmer and s i z e  of boost  system e d  control-actuating mech- 
anisms mci to provide  positive  control i n  tne evect of power fail.urc. 
Balancing tabs have long been  uscd a t  subsonic s p x d s  t o  rcducc control 
hinge  norients, and theoretical  and exprimentd  investigations (refs. 1 
and 2 )  have shown that  treiling-edge  flap-tab combinations, by proper 
choice of flap-ta5  dtzflection  rztios, toad give  nezrly  conphte  hinge- 
n?omeat balance ax subsonic  speeds with relatively  high lift effectiveness. 
Nthoug? The limited information  available  (for axan?ple, refs. 3 t o  5) 
isdicates  that  ouch a balmce  arrzngemnt loses m y  of i t s  advanteges 
when supersonic  speeds are reacked, it is desirable t o  obtain more infor- 
mation on t h i s  t s e  of balance a t  both  trznsordc and supersonic  speeds. 
In  ordcr to furnish such  information an investigation has been made i n  
the L w l e y  9- by 12-inch blowdown tunnel on a 60° delta wing with e 
trailing-edge fla? equiged wi”& an  inse t  tab et Mach nmbers of 0.75 
t o  i.96. 

The wrodynzmic characterist ics of the complete sen i spa  mcdel ao 
well as  hinge olmeEts of the  flap-tab combination were obtained  over an 
angle-of -attack range of f l 2 O ,  a flao-6eflection range of Oo t o  20°, end 
EL -tab-deflection range of 0’ t o  -&lo: The tests were made in   three suger- 
sclzic nozzles a t  Mach  nimbeTs of 1.41, 1.69, end 1.96 end Reynolds  nun- 
bers o r  2.9 X lo6, 2.7 x 100, m d  2.5 x loo, respectively.  Tests were 
d s o  rade i n  a trarroonic  nozzle a t  Mach nubers  of 0.75 t o  1.25 ana Rey- 
nolds numbers of 2.8 x 10 6 to 3.3 x 10 . 
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COEFFICIEI’iiS AKD SYMBOLS 

cL iift coefficient, L i f t  
a,s 

C 
zgrass 

gross rolling-nment  coefficient  (reference  axis shown i n  

f ig .  1), 
Semispan-Itcdel rol l ing DoEent 

2qSb 

‘h control  hinge -noment coefficient, H 
qbrEr2 

tab  hinge-ament  coefficient, 
qbf  Cf2 



CL JxLJxh increnent i n  gross rolling-moment, l i f t ,  and hinge-nmmt 
coefficient due t o  deTlection of either  f lap  or  tzb,  o r  
both c 

B hinge amen% &bout f lzp  hinge line, in-lb 

% hinge  nonent  about tzb hinge line, in-lb 

wt 

"fu flzp  deflection work, b f E f 2 q r f u  C d(%] , in-lb 
hF'u 57.3 

. S semispan wing area (including area b l d e t e d  by test 
body) , in .  

C local  wing chord, in.  

C nean  zerodynanic  chord of wing, in .  - 
b 

bf f l q ~  span, in. 

=em aerodynam5.c chord of f lap rearward of hinge l ine,  in. 

a wing angle of attack, deg 

6f 

6% 

flzp deflection  relative to w i r g  chord plane  (positive 
when flzp t r a i l i ng  edge is d m )  , deg 

tab  deflection  relative t o  f l a s  chord g l u e  (positive 
when tsb t r a i l i ng  edge is dovn) , deg 

M 

9 

free-strean? bkch number 

free-streun dynanic pressure,  lb/sq  in. - 



3 Reynolds nmber based on nean  aerodyramic chord of w.ir![- 

SiiDscriFts : 

a 

& 

f‘ 

.I7 L U  

t, 

slo2e  cf Cllrve of coefficie-r-t  plotted  ngainst a: 
& h - > -  acL, and sc for th  
&a aa 

sloge of curve of coefficient  plotted  against 8 :  

ac, 3 C z  -, -, and so for th  
3s 38 

tab 

The princigal db”ensione of the  senispan wing-fuselage cmbiration 
are  shorn- in   f igure  1 and a photogrqh of the model is  shown in   f igure 2. 
Tine wing was of del ta  plan -+om having 60° leading-edge sweepback and a 
corresponding  aspect r a t io  of 2.3. A ccnstant-chord,  40-percent-smispan 
control was located at the w i r g  trailin& edge with the coctrol  inboard 
end a ~ ;  0.30~/2. 

c 

The Zain wing panel,  exclusive of the  control  surface, was made of 
stai-Kless s t e e l  w-6 had k-percent-thick  modified hexagonal a i r foi l   sec-  
t ions.  The leading edge was nodified by a sad1 nose radius as  shown 
i n  figure 1. Tne trailing-edge t’cickness tapered frm 0.01 inch at the 
outboard end of t‘ce fla? t o  0.002 i x h  a t  the wing t i p  a d  was constant 
a t  C.01 inch  inboar& of the  flap.  Inboard of the colz-trol surface,  the 
w i n g  thickness was increased t o  2.95 sercent d o n g  the m y  shown in   f ig -  
ure 1 t c  permit ins ta l la t ion  of an intcrml  torqze  rod for use with a 
strain-gage  bem  inside t’ne test body. 

Tbe constmt-chord  control w a s  mchirzed from mild steel. A groove 
nachined 02 both sides of the  control a t  ’71 percent of the control chord 
2ermitted  the remisir!! 2-9 percent of the coctrol   to  be deflected as zn 
inset   tab.  This groove was filled w i t h  cenzent to eliminate EL break i n  
corrtour for 211 tests. Tie cutboard end of the control w a s  hinged by a 
0.040-inch-dimeter  pin t o  the main  wing panel. A t  the inboard end a 
0.095-incb-dianeter shaft, integral  with the coatrol, extended  through 
the wing t o  a bearing and a c1mp which  were >ar t  of en e l e c t r i c d   s t r a i n -  
gage beam contained  witiiin tine t e s t  body. 



A f-asehge consisting of a half body of revolution mowtcd on a 
O.25-inch sh&m was attached  to  the wing for  a l l  tests. The botton par- 
t ion of the shin was insulated Pron? the rest 02 the  mdel and p e d t t e d  
.zn electrical   indication of model foul i rg .  

r 

The t e s t s  were conducted i n  the Langley 9- by 12-inch blowdokm tun- 
nel which uti l izes  the air of the Langley 19-foot pressure t m e l .  The 
ebsolute  stagnetion  pressure of the  air   entering  the  test   sectiol+ ranges 
from 2 t o  2- atmospheres. The compressed air is conditioned to  insure 

conde_nsztion-free flow in   the  tes t   sect ion by beirg sassed through a 
sil ica-gel  drier and then  through banks of finned  electrical  heaters. 
Criteria for condensation-free flow were obtained frcm reference 6. T w -  
bulence  &ping  screens axe lorated in the  settling  chmber. Four inter-  
changeable  Eozzle blocks  provide  test-section Mach nmbers of 0.71 t o  1.30, 
1.41, 1.62, znd 1.96. 

1 
3 

Sugersonic  nozzles.-  Test-secticm flaw conditions of t'ce three  suser- 
sonic  nozzles  with  the  tunnel  clear were d e t e d n e d  f r a  extensive C a l i -  
bration measurements an& schlierer- g'notographn md resorted in reference 7 .  
Deviations or" flaw condi t ions  in   the  tes t   sect ion  are   l is ted Selow: 

M = 1.41 M = 1.96- M = 1.62 

M a x W a  deviation in  Mach  number . . . . . 

Trasonic  nozzle.- A descriptiorr of the  transonic  nozzle, which has 

6 6 2 .? X 10 2.7 x 10 2.9 x lo6 Reynolds cumber (approx. ) . . . . . . . . 
ro .20 i o  -20 20.25 Maximm deviation  in strean? ansle, deg . . *o .02 ko .01 tO.002 

- 
e 7- by 10-inch test   section,  together  xith e. discussiop of the flow 
characteristics  obtained from lMted   ca l ib re t ion   t e s t s ,  is presented 
i n  refererxe 8. Satisfactory  test-section flow chzracteristics are 
i-n-dicated from the ~Lnimm Mach  number (M = 0.7) t o  about M = 1.20. The 
naxinxu deviatio-ns from the  average Ekch  number in  the  region occupied 
by the model are shown i n  figure 3. S t r e a   m g l e  dev5a"lion probably did 
not exceed f0.lo at  any Mzch number. The variztion w i _ t h  Mach  number of 
t'Ee average t e s t  Reynolds number i s  d s o  given in   f i gu re  3 together  with 
the  approxbate ljnits of the  variation during tkse tests. 

The senlspm xnodel was cantilevered f r m  e. five-component s t ra in-  
gage balance rcounted flush with  the  tunnel f loor .  Tie balance and nodel 



rotated toge-Kler as the  angle of a t tsck was changed ead the acrodynanic 
zm-ents and forces on the wing were macured w i t h  resgect t o  the  balance 
axis and the: rotated  to  the wind axis. The control-surface hingt ncxents 
were rwasured by nxans of a strain-gage bcm contained  within tie t e s t  
body. The tcs t  body consisted cf a ? d f  body of revolution mounted on 
a 0.25-inch a h h ;  the shim wes used to mtni.mize wall-boundary-layer effects  
(refs. 9 and 10). A clearmce gep of 0.01 t o  0.02 inch was aaintained 
betweem tihe f-aselsge s k i n  and the tumel  floor. 

No corrections  are  available  to dlov for jet-boundary  interference 
and blockage o r  for  reflection-plane ef."ects at high sxbsonic speeds. 
Further,  reflection by the  tunnel walls of Cne model shock m d  emansion 
waves back on to  the  no&el may appreciably affect   the model loadings due 
t o  angle of attack et s d l  sagersonic Mach numbers but  should  not  zppre- 
ciably  affect  the  loading due to  control  dezlection.  Cmparisons of 
experhentd.  results obtained i n  the blowdowr? tunnel  with  those  obtained 
in   o the r   f ac i l i t i e s   ( r e f .  8), however, axe evincive of the  re l iabi l i ty  of 
wing  and control  characteristics due t o  angle or' attack  obtained a t  high 
subsonic  sgeeds and of ccntrol  characterist ics due t o  control  deflection 
obtained  throughout  the Mach nunber r w e  fron 0.7 t o  1.2. For further 
discussion,  see  reference 8. 

ACCURACY C)F DATA 

A n  estimate ban been made of the  prabable  errors  to be fo-md i n  the 
meailzed  values due t o  calibraticn, rxeasuring equipent,  and instrument 
readirg  errors and are presented i n  tine folloving table: 

Error 
a, dcg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.05 
st, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.4 
5 f , d %  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.2 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.01 
c2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.001 
ch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.008 

The e r r o r s   i n  Ef and st above axe the   e r rors   in  no-load control 
settings.  Corrections have been applied t o  the date for 'the additional 
vzr ia t ion   in   f lap  deflectio-n- &de to  control  loading. 
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The present  isvestigation wzs made before  the  calibration of thc 
trvlsonic  mzzle had been  completed. The calibretioc from  which the Mack 
number and d y n d c  pressure w a s  determined was made with a gressure probe 
which was less  accurate thm desirable.  mrther, this calibration w m  
referenced  to  the  ratio of s ta t ic   pressxre  a t  a n  or i f ice  i n  tkie tunnel 
w a l l  t o  the  settling-chember  pressure, and subsequent t e s t s  have shown 
that  the  Dresswe  neasured a t  this w a l l  or i f ice  was unduly i-nfluenced 
by the Eodel. Errors i n  neasured  pressures  introduced by these factors 
caused errors  in  the  indicated Mach n-mbers of as much as 0.03 and resulted 
i n   e r r o r s   i n  dpaznic  pressuze which ceused Vie value of the data coeffi- 
cients to be from 2.0 to 3.5 percent  too high zt transonic Mzch numbers. 
The data have been plot ted a t  the  correct Mach nmber. 

RESULTS AXD DISCUSSION 

IIlngc-nment, lift, a d  rolling-moment coefficients of the oel?lfspzn- 
wing-fuselage combhation  plotted  agaimt angle of attack f o r  vzrioua 
f l a p  and tab  deflectiolls a t  I4 = 1.96 are presented in   f igure  4. These 
dzts =e representative of those  obtained at other Mach nmbers and indi- 
cate  the q u i t y  of the data  obtsined  in t h i s  investigation.  Figure 5 
presents  the  variation of hir!ge-momen-h coefficient and roUing-mment 
coefficient w i t h  f lap  deflection  for a = 6t = Oo end -Lice va-riation of 
hillge-nmeot  coefficient w i t h  m4le of attack fo r  62 = St = 0' at vari- 
ous Mach numbers.  Rolling-moment coefficient 2nd the increment i n  Urge- 
monent coefficient due t o  tab  deflection is plotted  agdnst  tzb  deflection 
i n   f i g u e  6 f o r  various  flap  deTlections and Mach numbers a t  zero  angle of 
attack.  In  figure 7 end subsequent  I'igwes data are shown st nega-live f lag 
deflections f o r  colzvenience of presentation. These data were obtained 
from oegative  arlgle-of-attack data by arbitrari ly  reversing the slgas of 
test values of angle of attack, ?la$ and tab deflections, md model force 
and noaent  coefficients. This WBS permissible by reason of model spmetry. 

Control  hinge  nonents.- The rat ios  of tab deflectioa  to flas deflec- 
t i on  show- i n  flame 7 indi.cate the tab  deflection  required  for  100-percent 
balance of' the  hinge  nm-ents Cue to flap  deflections of 25O and 90'. IC 
practice  hportant  redixtions i n  the  overall  force needed f o r  control 
deflection  could be obtained w i t h  arrengeEents  yieldipg less thm coEplete 
balmce of the f lap  bdnge rncmerix.  However,  -the ratios of %laf f o r  
x h  = 0 provide s convenient Parameter fo r  coxparison of the  tab  balanciP4 
effectivecess a t  various Mach numbers. 

For  a flap  deflection OS: +5O the  ratios,  in  general,  increased 
w i t h  llach nmber from a value of ebout -0.5 a t  the  lowest Mach nmber  to a 
nsximm vdue  of about -2 at  M = 1.25 and tinen remained essentially con- 
stant with further  increese ic Xach rumber ( f ig .  7 ) .  The Bt/sf ratios - 



for -EO f izp deflectioz were larger  than  tlmse fo r  -5O flEg deflection 
S i r  a? a.hcst constznt  incrsment tlhrough tk angle-of-attack range for a 
given ihch xmber. However for  posit ive  f lap  deflections tMs s2me incre- 
ment iqas evidsnt a t  a = Oo' bxt &creased w i t h  increasin!  angle of 
attack et Kach  nmiioers above M = 0.9. 

1 

Figure 5 (as w e l l  as   f ig .  12) shows that the rapid increases  in 6%/6f 
ra t ios  w i t h  I&~ch mmber  were p r h a r i l y  due t o  the increase in   s lo se  of ch 
against 5f which was associated w i t h  the rearwerd shift in   the  ccntrol  
center of pressure i n  the transonic speeO range. In  f igure 6 the hinge 
moment  due t o  tab deflection skcwed ~r_o such increase  in  the  transonic 
r a g e  (see also f ig .  12) prcbs-bly  because tile nazrow tsb chord did not 
pe"t zn a3preciable change in   t he  length o f  the moment arm of the tab 
loading dm t o  center-of-pressure s h i f t .  

!!?!!e increases  in  values of 6t/6f reqilired by an increase in   mgn i -  
tude  of Sf ( f ig .  7) are  explained by reference  to  f igure 6 .  These data 
showed that t'ne hinge mnents  per m-it tab &flection (C ~ tiecreased 

with &n increase  in tEiD c5eflection end t o  some extent with a n  increase 
in   f lap  def lect ion.  Consequently, larger  values of &%/Ef were required 
t o  balance o r t  t'ie control hinge norrer;ts as f l ap  deflection w a s  increased. 
A t  subsonic  speeds, for  flap deflections up t o  loo, the hinge-moxent 
coefficients  regilired of the tab for  balance  intersected  the  steep  gortion 
of the curves m-d values of 5t-5r increased only slightly.  Zowever, as 
the  hinge mmnts required of the tab increased with Mack  number, they 
intersected  higher on the curves where the sloDe decreased  rapidly and 
valaes of 6t/6f increased  ccrrespondingly. The decrease i n  st/sr w i t h  
an increase i n  arlgle of attack t'nat is  shown for loo flap deflection a t  
supersonic  speeds resdted frm only small changes i n  ch a d  ch 
w i t h  increased angle of st tack. 

6f 6t 

It appears frm the above considerations that at supersonic speeds 
the tab would be incaszble of cmpletely balancil7S out t i e  flap hinge 
noxents h e   t o  deflection for flap  deflections much above IOo. If ,  how- 
ever,  less  than  100-percent  balance w a s  desired, the useful range  of the 
tab would be increased  correspondingly; t ha t  i s ,  since C h  does not 

increase  with  increasing  deflection  (fig. 5 ) ,  the tab is capable of bal- 
ancing at l ea s t  50 percent of the hinge zoments dEe t o  20' flap  deflection 
with tab deflections no grezter than those  required for 100-percent bal- 
ance of loo flag  deflection  (fig.  7). 

6f 

Figure 6 indicztes the variztion w i t h  Mach  number  of the tab deflec- 
tion  required  to  balance  out the total   control  hinge Eoments  due t o  the 
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combination of both  control  deflection and angle 03 attack. These data 
indicete  that  at  angles of ettack of 4O and 8O t'oe tzb was incapeble of  
balancirg  out  the  total  control  hinge moments for  f las  deflections of 
loo or  larger  except et Mach nmbers less than 0.86. Further, at Mach 
numbers above  0.86 the 6t /tjf retios  required  for 5 O  flap  deflection 
increased  rapidly w i t h  angle of ettack md quickly became too  large f o r  
the tab t o  be of practice1 use in   ba lac ing   ou t  the t o t a l  hinge Eomzlzts. 
Also shown in  f igure 8 are retios or" St,/a which indicate  the tab deflec- 
t ioc  required  to   bdmce the hiFge mments due to  the  control angle-of - 
attack loafing (6f = Oo). 

1 

Control  effectiveness .- The variation witn Mach nunber of the  roll ics- 
mmect coefficient due t o  f lap and tab deflection  for a h  = 0 is shm- 
in  f igure 9. These deta shov that the  rolling-mment  effectiveness of the 
flap-tzb  conbination  decreesed r q i c i l y  wi-th increasic! Mzch rmriber i n  the 
trmsonic speed  rznge,  then less rapidly a t  supersonic  speeds. The reduc- 
t i on   i n  C2 at  zero mgle of attack w a s  about 70 percent between M = 0.86 
and M = 1.25 fo r  5' flap  deflectio3. Tine rate of  decrease i n  C2 with 
Mach nmber  correspocded roughly t o  t t e   r a t e  of increase of the ratios of 
Bt/gf w i t h  h!ach  number (fig.  7) since  the  variation of C 2  w i t h  Ef 
and 6t w a s  g e n e r a y   l i n e a r  for the  angle  condition of t'ne tests. Th i s  
does not me=, however, thet the  decrease i n  C 2  f o r  E h  = 0 is ent i re ly  
dLie to   t ab  Cieflection  since  the r o l l  effectiveness of plain  trailing-edge 
flap-type  controls a l s o  decreases i_n_ the tr&%onic  range (see a l s o  f ig .  13) .  
To show the loss  i n  control  effectiveness due t o  tab deflection, the ratios 
of C2 f o r  ah = 0 t o  C 2  f o r  Et = 0' are  plotted  against Mach nm- 
ber in   f igure 10. For 5O flap  deflection  the  roll ing nonellt of the  flap- 
tab conhinetion was generally  about 80 perceEt of that of the untsbbed 
f lap at the  lowest Mach nmber and about 50 percent of the untab'bed flar, 
a% the  highest Mach Ember. For 10' flap  deflection the ratios were gen- 
e r d l y  about 10 percent  lower,  except a t  subsonic Mach numbers  where the 
tiifferenee w a s  less. 

Figure 11 presents  the l i f t  incrment of the  flap-tab coEbirmtion 
for  e. zero hirse laament  due t o  both control  deflection and -le of attack. 
Also shown are  the  decraeGts i n  1iT-G coefficient due t o  the tzb deflection 
required  to  balance ch due t o  a(6, = 0 )  The large teb deflections 
required t o  belame  out  the  total  control hinge moment (fig.  8) plus  the 
very small increxents  in l i T t  resulting fro= f lap  md tab  deflections 
in&icc.te that   the  inset  tab would be .zn inadeqmte  balance f o r  this t n e  
of f l sp  when used as a longitudinal  control at supersonic  speeds. 

- 

Comparison of experhent with t'neory.- Figures 12 m-6 13 present 
conparisons of experinental with theoretical  vslues of some control  Unge- 
nonent and effectiveness  panmeters  at  supersonic sseeds. All hinge-mment 
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coefficients are based. on the moment area of all the  control  swface 
beiiind the f l ap  hinge line, including  tab, t o  allow direct comparison of 
tine flap m d  zab  hinge moments. The angle  conditions  given in   f igure  12 v 
indicate the range over which the experinental sLope parmeters were 
obtained.  Theoretical loadil?-@;s d -z  t o  control-surface  deflection were 
obtsined frcm equations of refereme 11 m-d loadir?g due t o  angle of attack 
from equations i n  the appezdix of reference 8. III f igwe  12 values of 
S'C/S, were obtained  directly from the  given  valEes of Ch8t and. ch 

6f 

S t  ChSf 

6f Chgt 
by the equation - = -. 

Figure 12 shows tha t  above 14 = 1.1; the  experinental  values of Cb 
71, 

and Ch were 75 t o  80 percent of tine theoretical   vahes,  whereas 
"6f 

eqerimental  values of Ch6 were o ~ L y  60 t o  75 percent of the  theoreticel 
t 

values. Although, as a consequence, theory u & e r e s t b t e s   t h e   e x p e r i -  
mental  values Of S#if, Yne predicticn 1s within about 15 percent of 
experinent. 

Sizeble differences  are shown i n  figure 13 between experherrtal and 
theoretical   vdues af the rolling-mment  effectiveness  paremeters Cz8f 

and C , w i t h  exg)eriaent  being less  then 50 percent of t'ne predictlon 

in   t he  case of C . The effectiveness of the flep-tab combination 

deflected f o r  Kh = 0, however, agreed w e l l  w i t h  theory. As a conse- 
quence of t h i s  variance,  the  rztios of C2 for  the control  with  the 

tab deflected f o r  LCl, = 0 t o   t ha t  for the tab undeflected were from 
10 t o  20 percent  greater  than the theoreticel  prediction. It should be 
noted tha t   i n   t he  case of C the differences between theory and 

eqcr inent  are of the same order as the  experimental  accuracy at the 
highest Mach numbers. 

6t 

Z6t 

6f 
" 

2 E t  

The theoretical  calculations have been  extended i n  order t o   a i d   i n  
the  evaluat.ion of tce  characterist ics of the tzbbed f lap   re la t ive   to  
-those of m- u"tab5ed flzp m d  are  shown in  f igure 14. The top  curve i n  
figure 14 indicates that deflection of the tab t o   b a l a c e  the f lap hinge 
m m n t s  woiilti result i n  tab hinge nments per unit flag  deflection  being 
lass t,?lan 10 sercent or t i m e  for  tho f l ~ p  withoat the tab  (theoretical 
valses of C i n   f i g .  12). X<mc\vc!r, t,heary (fig.  13) indicates thclt 

the: rolling-mcJment eff'ectivmess of the  t:&bed. fI.aF relative t o  the 
h8* 



untabbed flag would be recuced by about 50 percent. If it i s  required 
%kt tne rolli-ng moments f o r  the tcbbed fler, and the  untabbed flag be 
equal,  theory  indicates  thct tab lrillge momellcs with the tzb deflected 
f o r  ah = 0 would be about 19 percent of the  untabbed-flap  hinge moments 
(fig.  1s). Inasnuch as  previous compzrisons showed th&t theory  tends to 
overestimate the tab hinge  mments  while  underestirnatirg  the  relative 
rolling-nment  effectiveness of the  tzbbed a& unt&WDed flag,  the  true 
picture  apsesrs to be even brighter. In any case, it i s  evident $hat  
substantial  reductions  in  strength end weight of the  control-actmtfng 
mechdsms  coed be expected. 

I 

Another important  consideration is the work required  to overcome the 
hinge  noaents due to  deflection  for  the  reason tbls=t it determines the 
amount or" energy tkt must be supplied  to  the  control system. The lower 
curve of figure 1$ indicates that %he deflection work required  to  deflect 
the tab of the tab-flaz, coabinztion would be 60 t o  75 perceali; of the work 
required t o  deflect  an  wtabbed  flag  providing the same roll ing moment. 
For some epglications this saving i n  energy  could be very  inportent  par- 
t i cu la r ly   in  this speed  range. It must be kept Fn mfnd,  however, that, 
although  the  theoretical  predictions  apgear t o  be conservative,  they  are 
applicable  only  to s m a l l  =le  conditions and that the experimental data 
have shown 1imitati.ons on the uszble flap snd tab deflectlon  range. 

SUMSNRY O F  RFSULTS 

Pn investigation w a s  made z t   mch  numbers from 0.75 t o  1.96 i n  the 
Lmgley 3- by 12-inch blowdown tunnel t o  determine the belancing  effects 
of an inset  teb OII E, trailing-edge  flap-type  control mounted  on a 600 delta 
wing. The following  results were indicetea  for  angles of &tack up t o  8O: 

1. The r a t i o  of the tEb t o  flap  deflection  required t o  belance  out 
completely the hinge  mments due t o  k5O flap deflection  increased from 
-0.5 t o  -2.0 in the  transonic speed  range and was neerly  constant f o r  
rWch  numbers f ran 1.25 t o  1.96. Cmplete  balance of the flap hinge 
moments  due t o  deflection  could  not be obtained a t  flap  deflections much 
above loo because of reduced  balancing  effectiveness of the tab at large 
deflections. However, at 20° ?la? deflection  the tab WSLS capable of bal- 
ancir-g a t   l e a s t  50 percent of the flap hinge moments. 

2. The rolli-ne;-moment effectiveness of the flep-tab combinatlon 
deflected  for  zero  flap hinge monents  due t o  deflection  decreased from 
about 80 gercent t o  50 gercent of tht for  the  flap  alone as the Mach 
nmber  increased fro= 0.75 t o  1.96. 

3. Theoretical  calculations at sugersorxic  sgeeds indicated that, for 
conditions of equal  rolling moment, deflecting  the  inset tab for  zero f l ap  
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hinge aoments would require about 19 percent of the  force m-d 60 t o  75 per- 
cent of the  deflection work as deflecting an un-tabbed flas of the same 
overall  dimension (at zero  angle of attack).  1 

L w l e y  Aeronmtical  Laboratory, 
Xatioml Advisory Co-mclttee f o r  Aeronautics, 

Langley Field, Va. ,  Nov. 2, 1954. 
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Section A-A 
Tab hinge line - 

Control surface 
(enlarged) 

I- 

Ffgure 1.- Details of 60' sweptback wing, fuselage, and control. Wng 
area, 15.153 sq in.; flap area, 1.132 sq in.; tab mea, 0.324 sq in.; 
M.A.C., 4.833 in. A l l  dimensions m e  in Inches. 
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Figure 2.- Photograph of model. L-80536 
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(e) Test Reynolds number besed on E of 60' del ta  wlng. 

.7 .8 .9 /.o L /  /.2 /.3 

M 

(b) Mexilmun deviatiofi f r o m  average test-section Mach n-er. 
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Figure 4 .- Aerodynamic characteristics of a ce~spnn-del.l;a-wing-fuselage 
conibination with a constant-chord, trailing-edge  control equipped with 
& inset tab. R = 2.5 x 10 6 ; M = 1.96. 
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Figure 4. - Continued. 
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Figure 4.- Continued. 
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Figure 4..- Continued. 
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(c) Concluded. 
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Figure 5.- Variation of hinge-moment coefficient and rolling-moment coefficient with flap deflec- 

tion and hinge-mmnt coefficient  with angle of attack f o r  various k c h  nunibers. .lu 
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Figure 5 .  - Concluded. 
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Figure 6.- Increnent in hinge-Eoment  coefficient and rolling-moment 
coefficient dGe to tab deflection plotted against tab deflection 
for various flap deflections  end Mach nunibers. a, = 0'. 
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Figure 7.- Variation with Mach nTudber 
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a = 0' 

of the ratio of tab deflection t o  
flap dePlection  required f o r  ACh = 0. 
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Figure 8.- Variation with Mach number of and B t / a .  Ch = 0. 
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Figure 13.- Varistion with Mach number of sone flap a d  tab roll ing- 
moment effectiveness parameters. OG = 00. 
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Figure 14.- Conpa-ison of theoretical hinge-moment characteristics f o r  
a t.zbbed -'lap ma an untabbed fl&p. a = Oo. 
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